The Giant Magellan Telescope (GMT) is a 25.4-m diameter, optical/infrared telescope that is being built by an international consortium of universities and research institutions as one of the next generation of Extremely Large Telescopes. The primary mirror of GMT consists of seven 8.4 m borosilicate honeycomb mirror segments that are optically conjugate to seven corresponding segments in the Gregorian secondary mirror. Fabrication is complete for one primary mirror segment and is underway for the next two. The final focal ratio of the telescope is f/8.2, so that the focal plane has an image scale of 1.0 arcsec/mm. GMT will be commissioned using a fast-steering secondary mirror assembly comprised of conventional, rigid segments to provide seeing-limited observations. A secondary mirror with fully adaptive segments will be used in standard operation to additionally enable ground-layer and diffraction-limited adaptive optics. In the seeing limited mode, GMT will provide a 10 arcmin field of view without field correction. A 20 arcmin field of view will be obtained using a wide-field corrector and atmospheric dispersion compensator. The project has recently completed a series of sub-system and system-level preliminary design reviews and is currently preparing to move into the construction phase. This paper summarizes the technical development of the GMT sub-systems and the current status of the GMT project.
INTRODUCTION
The GMT is a 25.4-m diameter, optical/infrared telescope that is being developed by an international partnership of universities and research institutions. The key optical characteristics of the telescope are its Gregorian configuration and its segmented primary and secondary mirrors, which are conjugate one-to-one. The primary mirror is composed of seven 8.4 m segments. The secondary is composed of seven, fully adaptive (deformable) mirrors, which are optically conjugate to a position ~160 m above the ground. The Gregorian adaptive secondary mirrors will enable excellent ground layer adaptive optics correction over wide fields of view, in addition to high-contrast AO, without additional optics, for high throughput and low background. 
SCIENCE CASE
The science case for GMT is summarized in the recently-updated Science Book 1 , which focuses on three areas: the new discovery space that is enabled by GMT, contemporary science goals that can be addressed by GMT, and scientific synergies with existing and planned facilities. For seeing limited observations, the new discovery space opened by GMT is achieved primarily through the gain in sensitivity that comes from the increase in collecting area of the primary mirror relative to the previous generation of telescopes. However in this regime, GMT is unique among the ELTs in several ways. First, GMT will achieve the wide field capability (20 arcmin diameter) that is needed for efficient spectroscopic follow up of large area surveys at both high and low redshift. Second, the 1.0 arcsec mm -1 plate scale of GMT is compatible with instrumentation that can achieve large fields of view (> 40 arcmin 2 ) with on-axis re-imaging cameras and spectrographs. Additionally, GMT's Gregorian adaptive secondary mirrors will enable not only seeing limited observations and high-contrast AO, but will also provide excellent wide-field, ground-layer adaptive optics corrections for any instrument at any port with the highest possible throughput and low emissivity. Thus the discovery space opened by GMT will include the improved image concentration that comes from ground-layer AO in standard operation, as well as high-contrast AO. In the AO regime, GMT is also unique in that the off-axis primary mirror segments, which provide over 85% of the total collecting area, will have a completely unobstructed view of the sky. GMT will therefore have an exceptionally clean pupil at all wavelengths, which is particularly valuable for high contrast AO.
The second part of the GMT case focuses on a range of contemporary problems that have been identified as key science areas. These include the formation and evolution of planetary systems; stellar populations and chemical evolution; galaxy assembly; first light and re-ionization; transient phenomena; and cosmology, dark matter, dark energy, and fundamental physics. These areas are of interest to the broad ELT user community and overlap with top-level science areas from the US Decadal Survey and similar surveys internationally. While the precise range of questions that are of interest at the time GMT reaches first light will surely evolve, these goals provide the basis for a set of scientific programs that have been used to derive system and instrument requirements that are robust against changes in the details of the scientific questions. The requirements that flow from these programs have been captured in the System and Instrument Requirements Documents. The mapping between the highest-level requirements for the observatory and the science case is shown in Figure 1 .
Finally, many other astronomical facilities are under development with timescales that overlap the operating lifetime of GMT. Many of these will have strong scientific synergy with GMT, and these have been factored into our scientific planning for the telescope and its instruments. With its location in the southern hemisphere, science with GMT will particularly benefit from the survey work of DECam, DESI, LSST, SkyMapper, MWA/SKA, ALMA, and a number of other surveys and facilities now operating or planned for operation in the next decade. Figure 1 . Mapping of the science areas (columns) to key attributes (rows) of the GMT facilities. The chapter in the GMT Science Book in which each of the science areas are discussed is also listed.
OBSERVATORY DESIGN
The Giant Magellan Telescope (GMT) will be located Las Campanas Observatory on Cerro Las Campanas, which has an altitude of 2540 m. The telescope is being designed for use over the wavelength range 320 nm to 25 µm with aluminum mirror coatings planned as a baseline. The GMT optical design is a fast, wide field, aplanatic Gregorian with a plate scale of 1.0 arcsec mm -1 at the final f/8.2 focus. The telescope has been designed around a primary mirror consisting of seven segments that are conjugate to seven secondary segments (see Figure 2) . The primary mirrors are 8.4-meter borosilicate honeycomb segments fabricated by the Steward Observatory Mirror Lab (SOML). The parent surface of the primary is nearly parabolic, with a focal ratio of f/0.7. GMT will provide a 10 arcmin diameter uncorrected field of view and a 20 arcmin field of view with a wide field corrector. The linear diameter of the 20 arcmin field is 1.2 meters.
The GMT has an altitude-azimuth structure that has been designed with stiffness, compactness, and operational efficiency as primary goals. The structure has three major subassemblies: the azimuth track, the azimuth structure, and the optical support structure (OSS), all shown in Figure 3 . The telescope mounts on a pier, which is part of the base structure of the GMT enclosure. All optics reside within the OSS. Three instrument-mounting stations are also located within the moving structure of the telescope (the OSS) below the primary mirror. An additional gravity invariant station is available on the azimuth structure for instruments that require the highest stability and can be fed by a fiber or optical relay. The current configurations allow for 11 instruments to be mounted simultaneously, with rapid switching between instruments always available. GMT is designed for use at elevation angles above 30 degrees from the horizon. The tracking rate limit of the azimuth drive allows the mount to track as long as the telescope is pointed more than 0.5 degrees away from the zenith.
Adaptive optics (AO) is integral to the GMT design. At the core of the GMT AO system is an adaptive secondary mirror (ASM) system that consists of seven 1.05-m segments with deformable front surfaces, similar in design and scale to the ASMs on the MMT, LBT, Magellan, and VLT. A second, optically identical fast-steering secondary mirror (FSM) assembly will consist of seven rigid, light-weighted mirrors. The secondary assemblies will each have a dedicated topend frame that will be removed completely to change between secondary assemblies. The FSM and ASM segments each mount on actuators that provide 6 degrees of freedom below these top end frames. The FSMs will be used during commissioning and whenever servicing is required for the ASMs. In regular operation, the ASMs will support four different observing modes: natural seeing, ground layer adaptive optics (GLAO), natural guide-star adaptive optics (NGAO), and laser tomography adaptive optics (LTAO).
• Natural Seeing -This mode operates over the full wavelength range and delivers images to the science instruments with image sizes limited by wavefront distortions due to the atmosphere. The ASMs or FSMs can provide this mode.
• Ground Layer AO (GLAO) -The Gregorian configuration of the adaptive secondary mirrors will enable both a wide field of view (up to 10 arcmin) and correction of the low-altitude atmospheric turbulence without additional optics. This mode will deliver roughly a factor of 2 improvement in image quality in the near infrared, with more modest improvement in the visible. The GLAO mode will use natural guide stars sensed by the telescope's active optics wavefront sensors, and can therefore be used by any instrument at any focal station.
• Natural Guide Star AO (NGSAO) -This mode uses a single, bright, natural guide star to deliver diffractionlimited, high Strehl ratio (>75% K band), high contrast images at near-IR and IR wavelengths over a narrow field of view around the guide star that will be limited by natural anisoplanatism.
• Laser Tomography AO (LTAO) -This mode will use six laser guide stars and a single, faint, natural guide star to extend diffraction-limited performance to nearly the full sky with moderate Strehl ratio (>30% H band) at IR wavelengths over a narrow field of view limited by natural anisoplanatism.
The AO system will be fully integrated with the control system of the telescope. Signals from AO wavefront sensors observing either natural or artificial laser guide stars will be combined with signals from the instruments, the telescope active optics wavefront sensors, and edge sensors between the mirror segments to compute the commands for the ASMs. The operation will be coordinated by the telescope control system (TCS). The first generation of instruments for GMT currently includes four spectrographs and a wide-field robotic fiber positioner that is being designed to provide wide field capability to multiple instruments 2 . These instruments were selected from proposals submitted by internal and external teams. The selection was based on the need to cover the range of observing modes and conditions, the observational requirements of the scientific programs prioritized in the Science Book, and budgetary considerations. The telescope provides multiple instrument mounting locations, which will facilitate rapid switching between instruments during the night in response to target-of-opportunity observations of transient events, changing environmental conditions, or queue scheduling. The first generation instruments are all currently under contract and in various stages of advancement toward preliminary designs. The instrument program is discussed by Jacoby et al. in this volume 3 .
TELESCOPE STRUCTURE
Steve Gunnels of Paragon Engineering has led the design of the telescope structure through the recently completed design development phase. Discussions of the structure exist in several recent publications and references given therein 4, 5, 6 . The structure has been designed to maximize stiffness, minimize mass, and facilitate efficient operations. The major telescope assemblies, shown in in Figure 3 , include the azimuth track, azimuth structure, and optical support structure (OSS). The pier, which is part of the enclosure, provides the rigid base of the telescope, a passageway for instruments and equipment to arrive at the Gregorian Instrument Rotator and Instrument Platform and supports the utility systems (power, compressed air, oil for the hydrostatic bearings, and signal cables). The azimuth track is the interface between the pier and the telescope structure, and it provides the bearing surfaces for the azimuth motion, discussed below. Two planar runner bearing tracks on top and a cylindrical radial runner bearing on the inside diameter define the azimuth axis. Adjustment screws between the track and pier allow leveling of the track.
The telescope motion in azimuth and elevation is enabled by two hydrostatic bearing systems 7, 8 . The lower side of the azimuth structure carries 24 hydrostatic pads for the azimuth bearing system; 16 of these carry the vertical load of the telescope, and 8 of these define the azimuth axis of rotation. The topside of the azimuth structure carries the 24 hydrostatic pads that support and define the elevation axis of the telescope. The bearing surfaces for the elevation track are machined into the underside of the C-rings that form the lower portion of the OSS, shown in Figure 4 .
The OSS carries all of the telescope optics and science instruments. The major assemblies of the OSS consist of the Crings on which the telescope nods in elevation, the Instrument Platform (IP), the seven primary mirror cells and the frame that connects them, and the upper truss and top-end frame. The upper truss, which supports secondary assemblies, is a "braced" hexapod that has several very desirable features. Mechanically, the upper truss is stiff, lightweight, and has very low cross-section to wind. Optically, it does not vignette the light to any of the outer segments over the full field of view of the telescope and minimizes the structure in the optical path of the center segment that could contribute to vignetting or diffraction (see Figure 2 ). Operationally, it facilitates the exchange of the primary mirror cells, as the offaxis cells can be removed without any adjustments to the truss. The secondary mirror assemblies mount underneath the top of the OSS frame on individual actuators.
Instruments on GMT can be mounted at five locations. Within the OSS, directly below the primary mirror, the Direct Gregorian (DG) and Folded Port (FP) instruments are mounted on the Gregorian Instrument Rotator (GIR), shown in Figure 5 . The optical configurations for these ports are illustrated in Figure 6 . The GIR is installed in the center of the C-ring assembly on bearings that allow it to rotate about the OSS Z-axis and compensate for field rotation caused by the altitude-azimuth motion of the telescope. The rotation axis of the GIR defines the Reference Optical Axis of the telescope 9 . The top plate of the GIR is flush with the top plate of the IP, which can hold an additional two instruments. The GIR includes instrument bays for four Direct Gregorian (DG) instruments and three quadrants for mounting folded port instruments. A tertiary mirror (M3) mounts on top of the GIR in the fourth quadrant and is required to feed instruments at all ports other than those at the DG. Additional ports for instruments include the Auxiliary Ports (AP) and Gravity Invariant Station (GIS). The Auxiliary Ports (not pictured in Figure 4 ) consist of mounting bosses on the outside of the C-Rings centered on the elevation axis. A 750 mm diameter hole through the C-Rings provides clearance for an optical relay from a folded port focus to the AP and GIS. The platform on the outside is removable to provide additional clearance for the AP instrument or an optical feed to the gravity invariant station. An acquisition, guider, and wavefront sensor (AGWFS) assembly is recessed into the top plate of the GIR. This assembly is central to the active control of the primary, phasing of the telescope, and operation of the AO modes (see McLeod et.al.) 10 . It is described further below. A recent update on the telescope structure in general can be found in Johns et al. 6 . 
TELESCOPE OPTICS
The GMT optical design is based on an aplanatic Gregorian optical prescription with segmented primary and secondary mirrors. Figure 2 shows the layout of the segments. The aperture of the telescope is 25.4 m with an f/0.7 primary focal ratio and f/8.2 final focal ratio. The f/# of the primary was chosen to enable a compact structure for the telescope without exceeding the project's assessment of reasonable limits for extending current fabrication technology of the primary mirrors. The optical configuration of the telescope is described in more detail in Shectman and Johns 5 and references therein.
The six off-axis segments of the GMT primary mirror are highly aspheric, with a total of 14mm of aspheric departure peak to valley. Production of an off-axis segment at SOML was initiated early in the conceptual design phase to understand and retire the obvious risk associated with the fabrication of these segments. Fabrication required the development of new metrology systems and infrastructure, including a new, 28m test tower and redundant surface figure measurement tests. The first of these off-axis segments ("GMT1") was cast in 2005 and completed in 2012. This prototype is the first of the six, identical off-axis segments and one spare that will be produced. The fabrication process and final figure of GMT1 are discussed in detail in Martin et al. 11 and Tuell et al. 12 . Briefly, the GMT1 surface is accurate to 19 nm RMS after a simulated active-optics correction using 27 bending modes, with more bending modes providing even greater accuracy. Three independent measurements of the absolute shape of the mirror agree within their expected uncertainties for focus, astigmatism, coma, trefoil, and spherical aberration. The agreement for focus, astigmatism and coma establishes that the segment has the correct geometry, including radius of curvature, off-axis distance, and clocking.
The necessary processes are now in place for pipeline production of subsequent GMT segments. GMT2 and GMT3 have both been cast and are progressing through the pipeline. GMT2 was cast in 2012 and is currently in the second stage of fabrication, which includes the grinding and polishing of the back surface and attachment of the load spreaders for the mirror support system. GMT3 was cast in mid-2013. GMT4, which will be the on-axis segment, will be cast in March 2015. The on-axis segment is being done at this stage to enable early commissioning with a partially filled primary mirror aperture, as discussed below (see Section 10). Glass has been purchased for GMT5. The support system for the primary mirrors is discussed by Hull in this volume 13 .
The deformable Adaptive Secondary Mirrors (ASMs) will have 1.05-m diameter segments. An optically identical, rigidsegment Fast-steering Secondary Mirror (FSM) will be used for commissioning and whenever the ASM top-end is removed for servicing. Both secondaries can be used to correct small misalignments of the primary mirror segments, significantly relaxing the precision and bandwidth requirements for the M1 support system. Image blur due to windshake and telescope structure vibrations will also be compensated with the fast tip-tilt motion of the secondary segments 14 . The positioners are designed to have sufficient stroke to compensate for manufacturing and assembly tolerances of the structure, as well as thermal expansion and flexure as the telescope moves in elevation. The segment and cell design for the FSM is based on the Magellan secondary and is being done within the project. The procurement strategy for the FSMs remains under development. A number of studies, both numerical solid models and full scale physical models, are being developed and analyzed by the project office and within the partner community, some of which are discussed in this volume 15,16. The design of the ASMs is based on those developed for the MMT, LBT, Magellan, and VLT. Each segment in the GMT system will have 672 permanent magnets bonded to the rear surface of a 2 mm, Zerodur face sheet. 672 corresponding voice coil actuators are mounted in a rigid reference body behind the deformable face sheet. The ASM designs are being developed through contracts with AdOptica and the Arcetri Observatory. Design studies are currently underway concerning the reference bodies, edge sensors, six-axis positioners, and supporting structures. Updates on these designs are given in Bouchez et. al. 17 and references therein.
The GMT will have three optical configurations, shown in Figure 6 . The Direct Gregorian Narrow Field (DGNF) is the nominal Gregorian focus, which follows immediately after the M1 and M2 mirrors. Vignetting limits the field of view to 20 arcmin diameter, but field aberrations become significant for field angles beyond ~10 arcmin diameter. In the Direct Gregorian Wide Field (DGWF) configuration, a 20 arcmin field is delivered to the direct Gregorian focus with a wide field corrector and ADC inserted in the beam. The Folded Port (FP) configuration uses a tertiary mirror to direct the beam to instruments mounted on the top surface of the Gregorian instrument rotator. The unvignetted field of view is 3 arcmin. In addition to these three configurations, there is an optical pick-off and relay for gravity-invariant The Corrector-ADC provides a well-corrected, 20 arcmin field of view over the wavelength range 370 nm to 1 µm and also compensates for atmospheric dispersion between those wavelengths. The Corrector-ADC mounts on rails in the center primary mirror cell, allowing it to be deployed in and out of the beam. The final element in the corrector is an aspheric field lens that will be located in the science instrument just above the DGWF focus. The wide-field focus is 177 mm below the bare DG focus. The surface figure of M1 and relative alignment of M1 and M2 will be actively maintained by a wavefront control system. Optical misalignment, distortion, and low frequency (<20 Hz) mechanical vibrations will be detected by the acquisition, guiding, and wavefront sensing system (AGWFS) using four natural guide stars at the Direct Gregorian focal plane. Telescope focus and segment misalignment will be corrected using position actuators supporting the primary, secondary, and tertiary mirrors, while higher order aberrations will be corrected by the primary mirror support system 13 . The wavefront control system also provides the feedback for telescope guiding. The four AGWFS sensors patrol an annulus between 6 and 10 arcmin off-axis. A separate on-axis probe can be deployed to the direct Gregorian field center for initial and periodic alignment and calibration of the wavefront control system. In the GLAO observing mode, the AGWFS additionally provides feedback for controlling the ASM surface figure. In the diffraction-limited AO observing modes (NGSAO and LTAO), feedback to the ASM is provided by the natural and laser guide star AO wavefront sensors and segment edge sensors, which are described briefly below and in detail in Bouchez et. al. 17 .
ADAPTIVE OPTICS, WAVEFRONT SENSORS, AND PHASING
All narrow-field AO instruments -those using the NGSAO or LTAO modes -are located at the Folded Port foci. Wavefront sensors for these two observing modes are replicated for each instrument. The cryostat window for each AO instruments will be a tilted, long-pass dichroic that reflects visible-light to the wavefront sensors. This design provides very high throughput and low emissivity, with only three reflections between the sky and the science instruments. The NGSAO sensing is performed using a pyramid wavefront sensor with 92×92 subapertures across the telescope pupil 18 . The pyramid WFS design provides high sensitivity with low aliasing 19 and can sense phase differences across gaps in the pupil 20 , a critical feature for the segmented GMT optical design. A dichroic ahead of the NGSAO wavefront sensor reflects the light of the sodium laser guidestars to a set of six 60×60 subaperture Shack-Hartmann wavefront sensors used in the LTAO observing mode 21 .
The GLAO observing mode will be implemented using the AGWFS to measure the wavefronts of four off-axis natural guidestars, from which the low-altitude turbulence will be tomographically reconstructed 22 . The corrected field size can then be adjusted in software by selecting the altitude range of turbulence to be compensated by the ASMs. This architecture provides GLAO correction to every instrument on the telescope, without any reduction in throughput or additional operational overheads. The image size reduction varies from 50% for small fields in the near-infrared to 15% over a 10 arcmin diameter field in the visible. This modest image quality improvement translates into a significant gain in observing efficiency.
In order to achieve high-Strehl diffraction-limited images in the NGSAO and LTAO modes, the GMT primary and secondary mirrors must be phased to <65 nm rms. Due to the large separation between primary segments (30-40 cm) and their construction of borosilicate glass (which has a non-zero coefficient of thermal expansion), capacitive or inductive edge sensors alone are not expected to be sufficiently stable over timescales longer than a few minutes. In the NGSAO observing mode, the natural guide star wavefront sensor can sense and correct segment piston at up to 2 kHz. However, only faint natural guide stars are generally available in the LTAO mode. The GMT will therefore use a 3-stage phasing system in the LTAO mode, consisting of a coarse optical phasing sensor with a large capture range to initially phase the telescope, primary and secondary mirror edge sensors to maintain alignment over short timescales, and a high-sensitivity optical sensor built into the instruments to correct long-term drifts in the edge sensors. Since the primary and secondary segments are matched one-to-one, phasing errors can be rapidly compensated using the agile adaptive secondary mirror, then off-loaded to the primary or secondary segment positioning actuators as appropriate. Phasing is not necessary in the GLAO mode or when using the FSMs. A more detailed description of the AO wavefront sensors, and phasing system is provided in Bouchez et al. 17 . Figure 7 . The latest generation of the standard electronics cabinet (left) contains power, I/O modules, field interface terminal blocks, and local controllers for power start-up sequences and thermal control. The networking cabinet test set-up (right) contains ultra-low latency switches, device control computers, and multicore servers.
SOFTWARE AND CONTROLS
The GMT Software and Controls System (SWCS) encompasses the software and hardware components necessary to control and monitor the GMT optical and electromechanical subsystems and to safely and efficiently operate the GMT observatory. The design of the SWCS is driven by a set of general guidelines: the use of industrial components and standards that improve the cost-effectiveness of the system; an architecture based on well-established practices and design patterns; validation of the technical platform and architecture through prototyping and incremental delivery; a model-based development approach integrated with an Agile management process; and efficient support and collaboration with the parties involved in the development of the different subsystems.
The SWCS is divided into a set of subsystems to facilitate their specification, development, and integration. These subsystems, when integrated, are organized in a modular architecture that improves the internal consistency of subsystems and minimizes the interfaces between them. The subsystems are classified into three main categories: the Telescope Control System (TCS), the Observatory Operations System (subsystems that support efficient operation of the observatory), and the Observatory Services (subsystems that provide common infrastructure services).
Prototypes have been developed to validate the application of these guidelines to the design of the Software and Controls architecture and technical platform (see Figure 7) . The prototypes have been used to test and evaluate technologies like industrial field buses and controllers, modeling tools, high performance computing, and low latency communications. The software and controls systems are discussed in detail in the PDR reports 23 for the subsystem and system-level reviews held in 2013/2014 and in Filgueira et al. 24 in this volume. A Preliminary Design Review is planned for the software and controls effort in the next year.
ENCLOSURE & FACILITIES
The GMT will be located on Cerro Campanas at Las Campanas Observatory (LCO) at the southern end of the Atacama Desert. The summit has recently been leveled in preparation for construction. The resulting platform is 280 x 100 m in size, with an elevation of 2518 m (see Figure 8) . The layout of the summit and support sites is shown in Figure 9 . The design for the summit layout includes only the GMT in its enclosure and the Summit Support Building. These structures are oriented along a line approximately perpendicular to the predominant wind direction and separated by ~40m, minimizing the disruption to normal airflow around the enclosure. The summit support building houses the facilities required to support science operations as well as key daytime operation and maintenance activities. Other, non-essential facilities will be located at the Support Site, a few kilometers away from and a few hundred meters below the summit to minimize impact on the summit conditions. The summit also includes space for a future telescope.
The GMT enclosure that houses the telescope is comprised of a rotating cylindrical structure on top of a fixed base (see Figure 11 ). The overall height of the enclosure is 60.5 m above grade level. The observing floor is 11.8 m above grade, level with the top of the GMT azimuth structure, which puts the elevation axis of the GMT at 22.5 m above grade. The structure is designed to support a permanent, 65 metric ton, overhead crane and a 10 metric ton auxiliary hoist. These are central to the assembly plan for the telescope, installation and servicing of the primary mirror segments, and installation and removal of the secondary mirrors and the top-end of the OSS. Large doors ("shutters") in front and on top of the building retract along horizontal tracks to allow unobstructed observation through the full range of azimuth and elevation angles. During observing, the horizontal shutter and a vertical windscreen can be closed down around the incoming beam to shield the telescope from wind and moonlight. The enclosure will include an auxiliary control room and galley on or near the observing floor level that will be central to commissioning activities throughout the life of the telescope and available to scientists during the day and at night for science operations. The main control room will be located in the summit support building.
Structural framing for the rotating portion of the enclosure consists of open space trusses for primary load paths and laced, built-up beams and columns for the lateral bracing and secondary load paths. There are several key benefits to enclosure performance based upon this type of framing. The framing members are configured to permit an even distribution of gravitational forces to the bogie wheels around the perimeter of the enclosure. In addition, to minimize thermal variations and dome seeing, the maximum thickness of any structural framing element in the design is limited to 20mm and the total thermal mass of the enclosure steel has been minimized, particularly around the vertical and horizontal shutter openings. Dome seeing will be further minimized with ventilation doors that occupy approximately 30% of the vertical wall area of the enclosure. The configuration of the vents is yet to be finalized. The vents and enclosure shutters will be opened at the start of the night to promote rapid thermalization by passive ventilation of the interior of the enclosure. Low emissivity coatings will be used on the exterior surfaces of the roof, walls, shutters, and windscreen to limit radiative cooling when exposed to the nighttime sky. The roof and wall panels are heavily insulated to minimize daytime heating of the interior of the enclosure. In addition, active cooling will be used where necessary to trap waste heat from concentrated sources and expel this heat well away from the telescope line of sight.
The enclosure rotation is completely unconstrained, allowing arbitrary positioning relative to the telescope. The telescope and enclosure are mechanically decoupled with separate load paths to ground and independent drive systems.
A circular track and a series of drive and idler bogies comprise the enclosure rotation system. The enclosure uses a large number of mechanically identical bogies to transfer the forces from the rotating enclosure to its fixed base. The summit support building, shown in Figure 11 , includes a large high-bay area for primary mirror segment maintenance, cleaning and coating operations, secondary mirror maintenance, and instrument calibration and maintenance. An equipment area houses the mechanical and electrical equipment used in the operation of the telescope including pumps, chillers, compressors, electrical switch gear and other equipment. The building will also include an office area where electronics rooms, instrumentation labs, and staff offices are located and the main control room for observing and night operations.
The support site will also include a utilities building, warehouse, and lodge. A water storage facility is located mid-way between the summit and support sites to provide potable and fire suppression water for the support site. The utilities building provides heavy equipment and vehicle maintenance shop spaces, maintenance management offices, an electrical room and a communications room. The entry point for the site power is in the electrical yard, just outside of the utilities building. Communications fiber trunk lines enter the facility in the communications room where they are then distributed to the site through underground conduit. Diesel generators used for backup power are located in the electrical yard. A fuel depot for generator and vehicle fuel storage and dispensing is located adjacent to the electrical yard. A warehouse is located across from the utilities building. The warehouse will initially be used to store the primary segments in their transport containers prior to integration into their mirror cells. During operations, the warehouse will store handling equipment and spares. 
SCIENCE INSTRUMENTS
The instruments that comprise GMT's first generation suite are planned as general use instruments to provide the greatest scientific impact in the early years of the telescope's operation. Initial concepts for GMT instruments were prepared for the Conceptual Design Review in 2006. Seven of the concepts were developed in greater detail in 2010-2011, culminating in their conceptual design reviews in 2011. Of those, five were selected for the first generation suite, which currently includes: GMACS, a visible-light, wide-field, multi-object imaging spectrograph (PI: Darren DePoy, Texas A&M University); G-CLEF, a high-dispersion, visible-light, stabilized, precision radial velocity spectrograph (PI: Andy Szentgyorgyi, Smithsonian Astrophysical Observatory); GMTNIRS, a high-resolution near-IR spectrograph (PI: Dan Jaffe, UT Austin); GMTIFS, a single-object, near-IR integral field spectrograph (PI: Peter McGregor, Australian National University); and MANIFEST, a highly-multiplexed, wide-field, fiber feed for seeing-limited instruments (PI: Matthew Colless, Australian National University). Their capabilities and specifications are summarized in Table 1 . As GLAO will always be active when the ASMs are in use, the instruments will all be designed to take advantage of smaller slit options, providing correspondingly higher spectroscopic resolutions. The staged implementation plan for GMT influences the order of instrument development and delivery, which is summarized in Table 2 . The instrument teams are distributed throughout the partnership and are all currently under contract to advance their designs. The instruments are all being developed in accordance with standard systems engineering practices; all instrument definitions follow from science requirements that flow through system requirements to instrument and subsystem requirements. A more detailed update on the GMT instruments in available in Jacoby et al. 3 and references therein. The Science Advisory Committee anticipates making a call for proposals for the second generation of GMT instrument concepts in late 2015. 
EVOLUTION OF CAPABILITIES DURING CONSTRUCTION
The construction phase of the GMT project has been broken into three stages to allow commissioning to begin as early as possible, with scientific capabilities progressing along with the construction and site integration. Table 2 gives an overview of the planned evolution. Stage 1 includes the basic infrastructure that is needed to provide a scientifically viable observatory that would be a significant increase in capabilities compared to existing 8-10 meter class telescopes. This stage is being planned with four primary segments, which is the number of segments that SOML anticipates will be completed when the telescope structure is delivered to the site. Commissioning will begin with this configuration. Early science opportunities will be provided while more advanced capabilities of the subsequent Stages are being developed.
In Stage 1, only the natural seeing mode is available. Two instruments are therefore targeted for this period: a high resolution (R=20,000-100,000), single object, optical echelle spectrograph (G-CLEF), and a medium resolution (R=1,000-4,000), multi-object, optical spectrograph (GMACS). However, the design of the Adaptive Secondary Mirrors is also included in Stage 1 because of the long lead-time and risk associated with this sub-system. Prototyping of MANIFEST and of the immersion gratings for GMTNIRS is also included in Stage 1 to mitigate the high-risk aspects of these instruments.
In Stage 2, the primary and secondary mirror apertures will be filled and the first adaptive optics capabilities will become available with four ASMs, enabling natural guide star AO. Construction of the lodge and cafeteria is also included in this stage. One instrument is planned for this period: GMTIFS, which is a combined diffraction-limited, AOfed, high spatial resolution imager (5 mas pixels) and a medium resolution (R=5,000 and 10,000) integral field spectrograph (IFS) with a selection of four spaxel scales (6, 12, 25, 50 mas). Table 2 . Summary of the stages of GMT implementation and commissioning.
In Stage 3, the laser guide star system will be added. At this point, the telescope will be fully phased and LTAO will become available. The Wide Field Corrector/ADC and the MANIFEST multi-fiber facility will also be added at this stage. Two additional instruments are planned for this period: a diffraction-limited AO-fed high-resolution (R=50,000 and 100,000), single object, IR echelle, having nearly complete coverage of the JHKLM bands (GMTNIRS), and a fullfield (20 arcmin) fiber feed that works with multiple instruments (e.g., G-CLEF and GMACS) to enhance their widefield, multi-object capabilities (MANIFEST). Finally, the sea-level facility in La Serena will also be added in Stage 3.
Subsequent to Stage 3, GMT will enter its long-term operations. Subsequent generations of instruments and upgrades will be delivered to GMT on a semi-regular interval of ~3 years.
THE GMT PARTNERSHIP AND NEXT STEPS
The current founder institutions have stated intentions to contribute 85% of the construction cost of the project. The founders are open to additional partners and discussions are underway with a number of institutions around the world. A partnership agreement -the "Giant Magellan Telescope Founders' Agreement" -defines the governance and basic operations of the project. The GMTO, which is a not-for-profit corporation, receives cash contributions from the founders and executes the project at the direction of the GMTO Board. In-kind contributions are limited to very unusual circumstances. Procurements have been and will continue to be bid world-wide on a competitive basis, with successful proposals being selected on the basis of best overall value. The partner community is closely engaged with the project through interaction with the design teams in the project office, participation in instrument teams, and service on technical and scientific advisory committees.
With the successful completion of the design development phase and the preliminary design reviews, the GMT project is moving toward construction. These efforts are moving forward in all areas with regard to development, and construction is moving forward in several areas already. In particular, the segments of the primary mirror have been in fabrication since 2005; the site has been leveled; the first primary mirror segment has been successfully completed, the next two are underway, and the fourth will be cast in early 2015. In the next year, we anticipate letting a design contract to develop the detailed design of the telescope structure, as well as contracts to begin the civil and concrete work on the summit. The project plans to solicit proposals for second generation instruments within the next year.
